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ABSTRACT : 

PROBLEM TO BE SOLVED: To form a high-quality thin film 
to match a bulk 

single crystal thin film and to form a semiconductor device 
which is excellent 
in characteristics. 

SOLUTION: A channel layer 11 is formed of a 
semiconductor layer, such as a 

zinc oxide ZnO layer. A source 12, a drain 23, a gate 14 
and a gate insulating 

layer 15 are provided on the layer 11 and an FET is formed. 
As the material 



for a substrate 16, a proper one is selected in 
consideration of the matching 

property of the grating constants of the substrate 16 and 
the layer 11 with 

each other according to the thin film material for the 
layer 11. For example, 

if the semiconductor base of the layer 11 is assumed to be 
a ZnO thin film, a 

ScAlMg04 thin film or the like can be used as the material 

for the substrate 

10. 
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[ftlflfl**>«lB] 

[If^JSl 3 LnAB0 4 XtiLnA03 (BO)n 
(Ln:Sc, In, Lu, Yb, Tm, Ho, Er, Y 

A : F e , Ga, A 1 „ 

B:Mn, Co, Fe, Zn, Cu, Mg, Cd) £fi 

IHLffiiSZnO, iMfcV^i^ASftMgx Zn 
i - x O. fHb&FS^Et&Cd* Zm-xOj 

[II*JB2 3 «BB»RO*mi: IX. S c A l M g 
04 , ScAlZn04, SCAIC0O4, ScAl 
Mn04 , ScGaZn04, ScGaMg04 , X 
(4, ScAlZn 3 06 , ScAlZn4 0 7 , ScA 
l Zny Oi 0 . Xii, ScGaZn 3 0 6 . ScGa 
Zns Os , ScGaZn7 Oi 0 . XJi, ScFeZ 
n205s ScFeZn3 06 , ScFeZneOgO 

[fl^JI 3 ] ffiiaSflfcOWB t LT, S c A 1 O 3 ( z 
nO)„, ScFe0 3 (ZnO)«, ScGaO 
3 (ZnO)n, InFe03 (ZnO) n> InGa 
O3 (ZnO)n. InA10 3 (ZnO)n, YbA 

1 O3 (ZnO) „XliLuA10 3 (ZnO)„W 

l&ia^fMkOWBfc IT, ZnO fcfflV Vt£ k 

t ?&m%m 1 cie«o^«srAM 

[»#JR4 3 ScAlBe0 4 . ScBMg0 4 MS 
cBBe04,X(i, InAOa (MgO)„ (ZZ 
X\ A : Fe, Ga. A 1 ) £«#fifjtfcf 6Wf tlfr 

GaN, A 1 N, I nGaNXliA 1 I nN<9Wfft*> 

[ W*JS 5 ] lulBS« k f9K¥»fWI k <orhc . § a, 
UT*tttt*;Wj&»fc F-7 ItzXlt F -7° L&V yftlK 

5aR**r*»K F*-7 UfclMWfcZ n O«o|fitittff 
W**fflv^i k £^mk?-|>liM5fcie&Wi# 
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®ii^mkmtm&ximm<r>miz<-zt ix 
t-t miming n^iftifr< l z%m<n*mfcT>u 

10 [ffi$)g9 J IWEJBfcWi, (Mg, Z n ) O&tfZ n 
0<7)mm&. (Zn. Cd) O&tfZnOO^Sff 
& (Mg, Zn)OW(Zn, Cd)0^ 

[fi*« 1 0 3 mii*mmii®.®&*mfo?fo o , 

7<{/^Hfttt*f*ikft1Wlfc'f4IWWIl«27 

20 [JWKttM&KH] 
[000 1] 

[f&H)i<3Et$&ffi#lf3 *«"!Btts ¥$#fVN*>Ufc: 
ffiO, Wc, ilMttXIilllllttJIISfli 

I/. ^oajeSf^aVaBKIttftSf^ (SAW, Surfac 
e Acoustic Wave) ^(DfcffllZffli- & . 
[0002] 

30 h7y^J:U(i, TWrXy'Jay^ 

SStttfik LT. BftSI!) (ZnO)*>', &@£ftT*5 

Tjvzkbxmmfom&zmi&raix%<. ± 

JBtSWh^^'X^SrfW-filRfcti, mWLk IX 
[ 0 0 0 3 ] * fc, ^*J: 0 , ^ftrVsM x£f£SW 

S. 

(a) iMt^X 

(b) te^ifflBIHttWfc*' (5») 

( c ) «^BttrW<o«9>fe*' (Siaitts t^-f 
■«r*)^. HWc. AAff^riSAktt. ( a ) fe^S^ 

-r x**^* < . ( b ) wrmmmm t» gtf>bz < . 
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7 r rmm^zmfcx-te. mmm-hiz n o 

% fritz. 

[0005] *%mt. J2LLf5jiWc«*. Z n O^COI I 
K8HM*I, Xte. GaNf(OIII«|)?»Wfi 

*w$itt, aiwrafc aiM % 

V\ »if*tt*fcifiV«iftft«)ZnO. GaN^CO^ 

1 0 0 0 6 ] Witf. ScAlMg0 4 (S 

CAM ) &mWZ n OfcSt LT^ H£ 
fc*^ («0. 1 3%) . **)»KJ:fc:B{MitSAtf>Z 

T. «^»»** { K<, ZnOJWSflfciSK SCAM 
»K±<0ZnO*»*r4it*aWi:1-«>. * 

r'A'-f x£fts»*4£ fc**?* 4 1 1 fcfc, ^rofflji 

[0 0 07] b^y^^WOifflt 
4£i:T\ v^V7im.*WLb1rlZb*:^b 

zb&mbti. ttz, *%mt. m&Fi=xm 
mt , h 7 * 7 b 5 > vx 

(LED. U— ^) , «H5*tt«3H^ ( SAW) . -fey 

&m*ft±.z-£izb*mb-ti. 

[0008] 

[nsi^»^-ri.^^wfi] *»^*i<o»^*s 

LnAB04 X(iLnA0 3 (BO) „ 
(Ln:Sc, In, Lu, Yb, Tm, Ho, Er, Y 

A : F e , Ga, Al, 

B:Mn, Co, Fe, Zn, Cu, Mg, Cd)£ffi 
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ZnO, IHfr7/*S">AE|&Mgx Z ni - «0,8 
^h'SWMCdxZm - x O. IMt^KS^A 
CdO^IIglBtfbft. Xte. gfttf'J^AGaN. £ 
ftT/l'S-^AAl N. fifltfyi^AI nNDWIII 

[ 0 0 0 9 ] § <s>£. f&ftlHWS AWf 

Oft • Hi 1 #/<4 X'vfcffl Lfc¥$ttTAM 
10 4. 

[00 10] 

[&BJfc?IISfe?)M ( 1 ) WJfSMIb^y^^ (Fi 
eld Effect Transistor. FET) 
1 1 te, W^WM-S^ftrAM xcom 1 O^SSO^ 
JBWWffflHt^t. 01 (A) fc*&(U,l:3iz. flSi 
WHtt^SR^^frr^^-f ^tt . FE Tlzmtl 

f-**/W§ 11. V-Xl 2. F 

M ^13. 7--M4. y-M6IMI15. S«U 6 

20 til. ft*;Hl lCli y-MfilMl 5. V-x 

I 2MfYVAv\ StfmStll. ^-MfiWIl 5 

[ o o 1 1 ] 01 ( b ) tut, %\<»%mr)wmm 

Wm&tih. ZCDhy> : Jx?te. *Kl60±fc, 
ft^JUl l* ? ^$itl». ft*/Hl 1 

ictt, y-^ i 2 at; fw y 1 3* 5 ^- 5 •/ 9%&\z 

»is$^4. znm-te. 01 (a) tit^ry-ne 
ill i 5#%^t:>t>, v-x i 2»vh w y 1 3 1 y 
30 —hi 4b <ommm%tmt>mit*tii . 

[0012] JSTtc, *«Hj|<&±:5tf*S?fc**«JSB 

/*y">Ai»Mgi Zm - x O. Hfe* F § «>ASE 
ttCd, Zm - x O. 1Kb* FS«>ACd 0^51181 

/HI lkLTtt, IM'JWGaN, mitTlH- 
40 WAlN.M'fyyWInN, InGaNXliA 

I I nN^coiummtm^^izbtx'^i. 

*)imi 1«. F-7IU «»X{4tt»t:ifiv«IRW 
fl*fflv^4. ^rfc. ft*;Hl It IT. 

[0013] 02t. ^^muzm^tiiK^m: 
mmm^mb^m-'&mmmiTr^. -mt 
lt. mw&wmttMib ixmttitf. ztiizm 
mztin><DX'\&\.\ 
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IX d fcLfc. -flit L?s f-+*/W| 1 1 KZ n 0*< 
fflv^*i£%g\ ££1 6t LT. *t>S1!feffi$rtm*> 
lAtOfc LT. !5U{f, KflSEffiJWSftXttScA 1 M 

g o 4 ms^^i. t . %<F>wk±\z^ */wa i 

[00 15] OTfc. f-v^/WBl llCfflV^n*Wi 

OtjK0IIftBMISftc0»^&KH^t6, flitf, ZnOO 
4. ISlC S«16tLTt4s J2TF<OJ:3$r 

LnAB0 4 £»#$J§t-tl>*ffi (LnA BO4 Wfijftfc 
ifc, *>0, YbFe 2 0 4 flKa*tOtS*») 

LnAB O4 

•Tit's Ln : Sc , In, Lu, Yb, Tm, Ho, E 

r, \mm±mm 

A : F e , Ga, A 1 

B : Mn, Co, Fe, Zn, Cu, Mg, C d 

•c**. zntoK&wm&b&tmtLxit. mi 
(f. scAiMg04iirm. 

[0 0 1 6] 03 LnAB0 4 (COlvCtfi^JgRt 

ts LnA BO4<0<8 : i t ®Rti|»ii it 2 
ZnO. GaN&I/A 1 NO^JgifcWJWft (K 

«) -eii^fL. io*s^jeafc:ifiv^nAB04 

«3tt-f*iHfcSl)i«SSfi*. 
[0 0 17] *fcCB4C. LnAB0 4 S**flBtt't4 
a^SO-Mt *<OlS?saBcS:*-f0**^. i*l 
{is -WttT. Jt$W>hs5&te^^£^ttf4t L 
t« ScAlMg0 4 , ScAlZn04. ScAlC 
o0 4l ScAlMnC-4. ScGaZn04, ScG 
aMg0 4 S:^L/t. 02tC^LJtiatC. ZnOcotS 
^^43. 24 9 AT'*> H6tejR*flfcJ:3 

Av^fcwkftt. Sr«. S£tt«)Jlv^HK*mt LT 
J4s II 3 K^SfLl. .}:•?£, ScAlCu04s InA 
lMg0 4 3£i.*tf4>*Ls ifc. ZtlblzmfeZtl&h 

[00 18] ffifcl 6t LT(4s ZnOC7» 
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flSftWHtfflv^itfCtk*. -MtitL 
Oio&LnAOs (BO) n***flBtt-r6««an 
A0 3 (BO) „£0«5:t%, Yb 2 Fe 3 0 

7tt££i-P|&ril¥) *jgtSJfl^S£ka*CSS. 
^*>s 

LnA0 3 ( BO) „ 

iiTs Ln:Sc, In, Lu, Yb. Tm, Ho, E 

r, ym^±wtm 

A : Fe , Ga. A l 
10 B : M n , Co, Fe, Zn, Cu, Mg, Cd 
ZCDXofc, LnAB04flBftCZ nO£iIAUC^< 
ts ZnOmTCOffimzX&ZblZX*). ZnO<D*§ 

^saftt ^mtsfctz z t s . n 

fctSts fi^3@R»i, 3. 249 (ZnO<0«?Jg 
IK) fcR9$r<i!W<. 

[00 19] 05ts LnAOs ( BO) n KOWtfltB 

WjBtim6M ami. m-jmx 

»4. B3fcfl«£, WfjaWcov%T»*f^*i:, Ln 
20 <0tg**>4 *y*g ( Jf^<0*# § ) # s < 

VKts LnAOs (BO) n c^^ifctifil-ittf 
ZnO, GaNSI/AlNWjSf^* 5 

ffiK (TO) T'0*3*ls i^MSiSstofi^LnAOs 

(BO) n *«*«Jtt-tSBMkfll3W^S*l4. 

[0020] 05*3*1* «t 3 ts UttWfctis Witf, 

ScA10 3 (ZnO)n 

ScFe03 (ZnO) „ 

ScGa03 (ZnO) n 

I n F e 0 3 (ZnO) n 
30 I nGaOa (ZnO) n 

I nA 1 03 (ZnO) „ 

Yb A 1 O3 (ZnO) „ 

Lu A 1 03 (ZnO)n 

mUi. ScAlZn 3 06 s ScAlZn4 07s S 
cAlZn?Oi o . XJis ScGaZn3 06 s Sc 
GaZnsOss ScGaZn?Oi0s Xi4s Sc F 
eZn205s ScFeZn 3 06s ScFeZneO 

40 [ 0 0 2 1 ] W.2 IZ. f-v*/H 1 1 OWmtntfG a 

n. a i Nmnnimmn^imttt. mi 

{fs ia2K^L^i:^{Cs GaN&t/A 1 N£7)tS^Sm 
(4. ^*l-f*L3. 112ASV3. 189AX't>h.m 
3Rl/m4 t«SS*lfcLnA B O 4 ffljtS: t SK^^S 
faJis tifF&W'b* < X 1 3 . 2 kW&Xbkfrh s 
GaNST/A 1 N^g^^RKVvf-UttSISftt L"C 
{4s Wttf. *c7)+T'iS'K>ScA 1 Mg0 4 . Sc 
A 1 Zn0 4 ^W<o*l&. 
[0022] ttz, 03-«5fc0K*Lfc«fl<Oftfc:. 
50 tt^^BD^itllSW/hS < s G a NRtf A 1 N»fc»^tt 



7 

ScA 1 Be04 
Sc BMg04 
S c B B e O4 

mX'hh. ttz. ±a>^ct3=Sr-)K^LnA03 (BO) 
n fcfc ^X , B t LT M g LfcWB#SE£tta*A 

[0023] ortc. y-h«y*« 1 5 1 t-cii, its: 

<ntk^mm\^¥&mhztitx%h. mm. z 
no*f-r*/pjii mar. scaim 

*. y-Mft»115il/Ctts mm. l«tf> 
^ !»7cSX{iV^7C»J F-7"U;«WfcZ 
n 0*OiaBJK»tttmS:«O* i 1 1 & . iaw> 

mmwwo&Tmt L-cii, witr. ik?c* ( l 

i. Na. K, Rb, Cs) , Cu, Ag, Au^h 
So vmiimblXii. N, P, As, Sb, BiW 

*«. i^-rscitt\ Mfrwwi. £x<vmmm- 

SR* t l%JartT-^ttSitfc: 5 arO, tS5Kxt7^ 

* y «stg£*t & ct 3 tct I. £ 1 1 & . 

ttOWfi LT,' Witf, Z n 1 - x L i * 0, Z n 
i-x (L i y Mgx - y ) Om*m^hZttfT% 

t. y-vmmmi sbixiz. mm. $y 

y-M6BWl 5t LTtt. ^ffifct, Al 2 O 

3 . Mgo, ceo 2 , s io 2 , ^oummitm 

[0024] a±commxn. y- ht&mm 1 5 tov* 
xm^tztf. «wojis<ofe»it»jR-r6*&Kt, is) 

[0 0 2 5] V-Xl 2, YVtVl 3X«y- 
M 4(4, »Se0lB«^£ffllr>4£ ttfi 

x. m.'&twto* v-ruzxii. K-rL^v^iattw 

t l/Cli. Witf. Illfioc* (B. A 1 , Ga, I 
n. Tl), VII&TCig (F, CI. Br, I ) , l£ 
(Li, Na, K, Rb, Cs) , V^Ttlg (N. 

p, as. sb. b i ) wv^fca^K-ru^mtt 
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ZnO, XJi&g7tS£K-rL&V^BttZnO^# 

F-r»iasRj&*-* 4 (mm, 

CnJB* K-7 Lfc n" - Z n O^SrfflVM. Z t #T*# 

^Wfi&fc, Witf, A 1 , Cu 

10 ££>(C, V-X12, Fl^fyi3X 

«y-M4tLT(4, -e^fiK, ln 2 0 3 , SnO 

2 , ( i n-sn) o*%zmmm#&mzzb 

[0026] (2) mtm^hiwKtmttiFET 
me *f6>Btffi* i m»ftTAM x<m2<mm!m 
mnwmmzfjs-t . 06 (a> i3i*&h.*j:3ic. ^2 

2, KWyi3. y-M4, y-Mft*S*15. f- 
f^iHl 7, «ff«18. «Ml6Srfiiil). 
20 [0027] f-**/H 1 1 K-rLT^VlJfifWr 
«^Xtti?i**»fc:^ttW*« H-rSfut^Kli. II 1 

0 %mmz£ 0 , m®. 1 6 1 ^^ivm 1 1 

itf, 10~2 0%S^) F-rSn*<><0SrfflV>4 

tfX'%$>£ol l zl,t:i>cDX'&&. ZZX'ii, Wztb 
fc, 1 8 16fcft 1 7 oiBCRIt 

30 [0028] f-fl/Hl 7ti, Stl^JUJt^WBJBkH 

»iti!8W^»tc K-rStifct^fflv^ ZbWX-t 

««17fcLT«i, iliiSMHUXIill 

\wm.imz^*ivm 1 7 1 txm^tim^. *tit 

n tmX' Y-Ti*h-ffrb LfcXtt H-r L^ruffi 

7bixmmznom^t:Wi-&. mmmi 7«, 1 

Lfc«8ttZnO»o|filStttm. XliH-rL4V« 
^ffi^ttZnO^)«SStt^ftS:fflV^it^T'# 

i). imcommwoo?>7mb lxh. mm. im 

7C*(Li, Na, K. Rb. Cs) , Cu, Ag, A 

umtfhh. vmitmb ixn. n, p. as. sb. 
b imtbh. m2e>m<?>mizt}^xi>. mi am 
m<7)Bmx*mwitzj; 0 c, ++*Ma 1 7 1 , *<o» 
fls^^t ra«^)«i«w*mtfflv^is«» 1 8 b , gen 

50 ***LT3iS[«tOS:a»?'fiCt* t 'C*&. 
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[0029] ( 3 ) imtor'U XWWt 
OTIC, ^JSflH^ffJMrWfc tT. SSl^llffr7»0 
J^$rScAlMg0 4 SSLUftSSftfcZ n OSffit 

fmkamtUMLXVffltl. zomxii. f 

«?ajg300-l 0 0 0X7. ZnOfcJKSLfcfcOT 

[ 0 0 3 0 ] 07 C IMQEiniR&^iMaEIB^^ 

*e*^«»»ttoitRDi^0S7W. i^a-cii. s 

cA 1 Mg0 4 SflLl^ftlf9'7r'f 7SK£ («-A 1 
2 0 3 SfiLh) fc**iehi(MISSI8SIRj^j£Sftfc« 

k. W&X'COWTXlt*-* 'J 7«J££^-f Kt— 

P= 1/ ( e^ND ) 
k*4. fflU eJi, m#sgftT'&l>, 
[ 0 0 3 1 ] Z n 0**<r>Vi}&Zmti>CDt LX. 
?#&M>mtfi*ZtL&. A*;^ZnO*KMWi, 9 

^cOJ: d ^t/P^JMfeftWWtfcaWft* C k *«, *» 

WfcttfcSt'. iflfctfU #^Bj}«Sc A 1 Mg0 4 
IILhCZnOJMU^Il ft*kit«L?. 9 
Vi—m&tf'hZ < . Zno;</W#t* 
Kifiv>M«rWttfc»*£ 3£tc, 
"Cli. **W7Jifc k t kSASit* K-f-i&gtf'hS 

Jffi^JfflltEffl ■ l£5£8eB#*# < i: & i fc#T'# & . * 
#5l£J:*k. BRW>J:^K. ZvVTm&tfl 0* s 

cm-JgJl. lfglM6 0-7 0cmVVs! 

[00 3 2] Z<7)®frt>mk2ixZ£olZ, * 

SrKak-f*ik*«7*ft. 

mt:fo±?lZbtfX'£&. 

[oo 333 use mmmmmxfw.ms^)V9 

<mX'\t, ScAlMg0 4 iSMy r t7r^7i« 
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mm k. x*(6]<ois^€mw»cQx k<o 

( a ) tw-r ( b ) nrmmmiv* 
(c ) ig^ffi^^^r cedm?*.x) 

k LT, Z nO ( 1 1 4 ) fco^T^1fft£*W. 0 
iffffl (1 1 5) . (1 04), ( 1 05) *>«.*COH 
10 Tt>|B|*«rtS**»6ik 3^7*4. 

[0034] B^J; o |c, *fSHBK: <t 4 1 , fl£*tJt 
^, ( a ) IW-f X#*$ < . ( b ) &mW8W>t> 

m>b% <,io > ( c ) ts™*^^ a < -f 
?**) m^zbtthfrh. zix. *%mz*ih 
k. «*fcit*. m^m^mz^m^K. 
x*m-4 xwwtwbhb m&wb&z n on 

?tfi'*-7\ l Zti;'>X^h&tfhfr& . 
20 [0035] Xlgn-y^y^-TWftlHO 

14, ScA 1 Mg0 4 SS±M"t7r^7i«i(7)Z 
nOtOWt, ^fflfBtjSraak^M«* { ^§tll» 0 

mtf. mtmiz&KX'bzwx'. ztiuz-o^xwrn 
Wfi$k^z btfbfrh . mm. *m\cr>z. 0 izs c a 

1 Mg0 4 S«2rfflV^4i, j^a*#3 0 0'CSK«0 
30 <KaT^{KLA:ZnO?fJ^-C'*.-?Tt>. »<W7T'f 

ra«±tc 1 0 0 ox:xmmLt:mmbmnm<?)*w 

9 *XdCtfm*H X b * 0 , *»<CKV «fttt<^l«S: 
fliik^-C&iikjft**)^*. HRtc. JSKSWI 

[ 0 0 3 6 3 0 1 0 C aUR&HtfWISlcoirVCWJt 
KittTO^^t. BUJ: 0 . *JWHc J: « ScAiMgO 

4 a«±«o z n Ofs^^ffiji, m&m 7 r ra«± 

©Zn OMMlHfcJfc^T . ^fficomei^gfc/jN? V> 
40 :i tfbfrh (mm. fMWrthaifc:«J: S k 1/ 1 0 0 
SJS) . *JWBTJi. ZnOji^fSffili. 0. 2 6nm 
(cWlOl/2) XtiO. 5 2nm(c«S)^f 

•yrt, mmtfmTv^vx'^m&mmzwftX'Zh. 
[ 0 0 3 7 ] 01 nc. mmm&nmammfmz'i 
^xe>&mpm*7fit. z<mn. *jhb«osca 1 
m g o 4 mmiMf^my r 4 rmwzmm v- 

7*U:Z n 0»K*»)«Lfc«^(cov%r . 
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